As far as molecular evolution is concerned, it is a general observation that the enzymes which catalyse the succesive reactions of a metabolic pathway are independent in prokaryotes, but are associated into multifunctional proteins or multienzyme complexes in higher organisms. Such is the case of the pyrimidine nucleotide pathway.
Organization and regulation of carbamoyl phosphate synthetase and aspartate transcarbamoylase
In Saccharomyces cerevkiae the first two reactions of the de novo pyrimidine pathway are catalysed by an oligomeric multifunctional protein which possesses the carbamoyl phosphate synthetase (CPSase) and aspartate transcarbamoylase (ATCase) activities. In terms of structure and catalytic and regulatory properties this multifunctional protein constitutes an intermediary level of organization, between the Abbreviations used: ATCase, aspartate transcarbamoylase; CPSase, carbamoyl phosphate synthetase; DHOase, dihydro-orotase activity; GATase, glutamine amidotransferase; OTCase, ornithine transcarbamoylase; PRPP, phosphoribosyl pyrophosphate.
prokaryotes like Escherichia coli, in which these enzymes are independent, and mammals like hamster in which the homologous multifunctional CAD protein catalyses also the third reaction of the pathway, possessing the dihydro-orotase activity (DHOase; see presentation by D. Evans in this colloquium). This increasing degree of complexity is believed to have been achieved through gene fusion.
In E. coli there is a single CPSase which provides carbamoylphosphate for both the pyrimidine and the arginine pathways. In contrast, eukaryotes possess two CPSases, one belonging to the arginine pathway (CPSase-A), the other to the pyrimidine pathway (CPSase-P). The E. coli unique CPSase contains two non-covalently linked subunits. The smaller one is actually a glutamine amidotransferase (GATase) which transfers the amino group of glutamine to the catalytic site of the larger CPSase subunit where it is used for the biosynthesis of carbamoylphosphate. In S cerevkke, these two proteins are covalently linked, being coded for by the same gene, a situation which is identical in hamster ( Figure 1) . When the molecular mass of the polypeptide chain bearing the CPSase and ATCase activities in S. cerevisiae was determined, it was surprising to find that it has about the same value as that of CAD protein, the homologous polypeptide chain of the hamster, although the latter possesses also the DHOase activity ( Figure 1 ). This observation was explained when the S. cerevisiae gene was cloned and sequenced showing that, in this organism, the CPSase and ATCase domains are separated by an ineffective sequence which is homologous to DHOase [ 11. This domain has no detectable DHOase activity and, in S. cerevbiae, the active DHOase is coded for on a different chromosome. This observation must be evolutionarily significant, although its exact meaning is not yet clear. The determination of the primary structure of ATCase from S. cerevisiae allowed it to be compared with those of homologous proteins from different organisms [2] . This amino acid sequence shows 38%, 42%, 55%, 32% and 60% homology with the ATCases from Bacillus subtilis, E. coli, Drosophila melanogaster, Dyctostelium discoi'dum and hamster, respectively. Figure 2 shows the catalytic site of E. coli ATCase as determined from crystallographic studies [3] . It is striking that the 11 amino acid side chains which play a role in the interaction between this site and the two substrates, carbamoylphosphate and aspartate, are fully conserved between bacteria and hamster. This observation indicates that the specific arrangement of amino acid side chains, which is efficient at catalysing the carbamoylation of the amino group of aspartate, was devised and selected very early during evolu- tion, in contrast, considering the different organisms for which information is available, there is an impressive variation in the ways in which the CPSase and ATCase reactions are submitted to regulation. Figure 3 compares the allosteric regulation of these activities in the multifunctional protein from S. cerevisiae to the extreme cases of E. coli and hamster. In E. coli, CPSase is feedback-inhibited by UMP, an effect which is counterbalanced by ornithine. In addition, it is stimulated by IMP. ATCase is synergistically feedback inhibited by CTP and UTP, and it is stimulated by ATP. In S. cerevbiae, CPSase-P and ATCase are both feedback inhibited by UTP. In hamster CPSase-P is feedback-inhibited by UTP and stimulated by phosphoribosyl pyrophosphate (PRPP), but no regulation of ATCase is observed. Even in prokaryotes a great variety in the mode of regulation of ATCase was reported [4, 51. It was shown that both the hamster and S. cerevkke multifunctional proteins are phosphorylated in vivo and in vitro. This covalent modification has only a small effect on the enzymic activity, and it might be a signal for protein degradation [7] . Volume 
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Carbamoylphosphate channelling
It is generally believed that the progressive enzyme association which accompanies evolution ensures a more efficient transfer of intermediary metabolites from one enzyme to the next, although the exact metabolic advantage of this process of 'channelling' is still a matter of controversy [8] . Although the mechanism of this channelling process is currently being investigated, no precise data will be obtained until some structural information concerning the CPSase-ATCase complex is available.
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Subcellular localization
The use of the Gomori reaction associated with electron microscopy indicated that, in S. cereviske, the CPSase-ATCase complex is located in the nucleus [12] . ever, in the case of CAD protein, the homologous hamster protein, an immunofluorescence study showed it to be localized preferentially in the cytoplasm [14] . The use of the immunofluorescence method in the case of S. cerevisiae shows an equal repartition in the cytoplasm and the nucleus.
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Although the first method detects only the enzymically active form of ATCase, the cytoplasm would not be expected to contain as much inactive precursor of the enzyme as mature active form found in the nucleus. Thus the intracellular location of these complexes and its possible variations is still an open question.
Tridimensional structure of the ATCase domain
On the basis of the amino acid sequence of the ATCase domain, its secondary structure was predicted using the method developed by Levin et al. [15] . The result obtained is strikingly similar to the known secondary structure of the catalytic chain of E. coli ATCase [16] . Simulation of the tridimensional structure was performed by Villoutreix and Ladjimi in this laboratory, using amino acid replacement and energy minimization (to be published elsewhere). Again the result obtained is very close to the known structure of the ATCase catalytic chain of E. coli. A similar result was obtained by Scully and Evans [17] , in the case of the CAD protein ATCase domain. Structural comparison of these two proteins should provide information about the evolution of allosteric mechanisms at the molecular level.
